A standardised inventory of stressful life events and a bowel symptom questionnaire were administered at three month intervals for one year to 383 women who were unselected with respect to bowel symptoms. A NEO Personality Inventory was given initially to assess neuroticism. Subjects who satisfied restrictive diagnostic criteria for irritable bowel syndrome were compared with those who complained of abdominal pain plus altered bowel habits but who did not meet restrictive diagnostic criteria (functional bowel disorder) and with controls without bowel dysfunction. The irritable bowel group showed significantly higher levels of stress than the other two groups even when the confounding effects of neuroticism were statistically controlled for. Time lagged correlations showed that stress in one three month interval was significantly correlated with bowel symptoms in the subsequent three month interval for all groups. The slope of the regression line relating stress to bowel symptoms was significantly steeper for the irritable bowel group than for the other two groups at three and six months, suggesting that subjects with irritable bowel syndrome show a greater reactivity to stress. Stress scores were also significantly correlated with the number of disability days and the number of medical clinic visits for bowel symptoms.
Personality Inventory was given initially to assess neuroticism. Subjects who satisfied restrictive diagnostic criteria for irritable bowel syndrome were compared with those who complained of abdominal pain plus altered bowel habits but who did not meet restrictive diagnostic criteria (functional bowel disorder) and with controls without bowel dysfunction. The irritable bowel group showed significantly higher levels of stress than the other two groups even when the confounding effects of neuroticism were statistically controlled for. Time lagged correlations showed that stress in one three month interval was significantly correlated with bowel symptoms in the subsequent three month interval for all groups. The slope of the regression line relating stress to bowel symptoms was significantly steeper for the irritable bowel group than for the other two groups at three and six months, suggesting that subjects with irritable bowel syndrome show a greater reactivity to stress. Stress scores were also significantly correlated with the number of disability days and the number of medical clinic visits for bowel symptoms.
Psychological stress is widely believed to play a major role in the irritable bowel syndrome by precipitating exacerbations of symptoms. Two types of observations support this as follows:
(a) When directly asked, more than half of irritable bowel syndrome patients'2 and nonpatients with symptoms compatible with irritable bowel syndrome3 report that psychologically stressful events exacerbate their bowel symptoms, and 51% report that a stressful event preceded the onset of their irritable bowel syndrome. 2 (b) In laboratory studies, the acute induction of pain4 and emotional arousal' elicit increased motility in the distal colon, and the magnitude of the response is greater in irritable bowel syndrome patients than in asymptomatic controls.
Standardised scales have been developed to compare people with respect to the frequency and severity of stressful life events,68 and early studies9 '0 which used this method between people in how stressful these events were felt to be are lost. However, the other extreme of measuring stress solely on the basis of how distressed the individual felt confounds personality differences (for example, neuroticism) with differences in exposure to adverse events.
This prospective study was designed to determine (a) whether subjects with irritable bowel syndrome recall more stressful life events when corrections are made for the confounding influence of neuroticism; (b) whether stressful life events are correlated with subsequent bowel symptoms, disability days, or visits to the doctor in a community sample; (c) whether subjects who meet symptom criteria for a diagnosis of irritable bowel syndrome show greater reactivity to life event stress than asymptomatic controls; and (d) which bowel symptoms are most responsive to life event stress. We attempted to improve on previous studies by (a) measuring and controlling for the personality trait of neuroticism, (b) eliminating stressful life events which subjects identified as consequences of illness, and (c) asking subjects to identify stressful life events and symptoms during each of four sequential three month intervals so that the relation between previous stress and subsequent bowel symptoms could be determined and the reliability of this relation assessed.
Methods

SUBJECTS
Three hundred and eighty three 20-40 year old women were recruited through announcements posted in two planned parenthood clinics (Baltimore and Annapolis, Maryland). Pregnant women and those with pelvic disease were excluded, leaving women who came to the clinic primarily for help with contraception. They were recruited into the study via notices that invited them to participate in a study of menstrual symptoms, so there was no apparent bias in favour of women with bowel symptoms. However, after 363 women had been recruited in this way, the notices were changed to indicate that only women with chronic bowel symptoms were sought, and an additional 20 subjects were recruited, including 14 who met the criteria for irritable bowel syndrome and six who met the criteria for a functional bowel disorder given below. The purpose of this change in recruitment procedures was to increase the number of irritable bowel syndrome subjects. Study of these subjects was approved by the Institutional Review Board on April 20, 1985 .
On the basis of a 'gastrointestinal history questionnaire' completed on their first visit, subjects were classified as irritable bowel syndrome, functional bowel disease, or normal, based on the following criteria:
(1) Irritable bowel syndrome was defined by 'self report' of relief of abdominal pain after a bowel movement plus at least two of the following five symptoms: (a) loose stools at the onset of pain, (b) more frequent bowel movements with the onset of pain, (c) distension of the abdomen, (d) mucus passed by rectum, and (e) frequent feeling of incomplete evacuation.
(2) Functional bowel disease was defined by 'self report' of abdominal pain plus constipation or diarrhoea, or both, in people who failed to satisfy inclusion criteria for irritable bowel syndrome above.
(3) Normal (non-irritable bowel syndrome, non-functional bowel disease) was defined as all other subjects in the sample, except for three subjects who met criteria for a diagnosis of irritable bowel syndrome who were found to have lactose malabsorption. These subjects were excluded.
All subjects who met the symptom criteria for irritable bowel syndrome were referred to a gastroenterologist at a local hospital for a physical examination and detailed history to rule out an organic basis for bowel symptoms. Twenty three of the 42 scheduled and kept an appointment with this gastroenterologist. Three of these subjects (13%) were found to havelactose malabsorption and were excluded from further analysis. The remaining 20 were felt to have irritable bowel syndrome. Nineteen subjects not examined by a gastroenterologist were retained in the irritable bowel syndrome group; by inference from those tested it is estimated that two of these may have been lactose malabsorbers. The demographic characteristics of the study groups are given in Table I .
PROCEDURES
This was a prospective study of the effects of stressful life events on the subsequent frequency of bowel symptoms, disability days, and visits to the doctor. Life Event scales' were given five times at three month intervals, and the outcome variables were measured on each of the last four visits. The correlation between stressful life events in each three month interval with symptom reports, disability days, and clinic visits in the subsequent three month interval (time lagged correlation) was used to test the hypothesis that stress exacerbates bowel symptoms. At each visit the subject was given a Life Events scale8 and instructed to check those events which had occurred during the previous three months. When this checklist was returned to the research assistant, she asked the subject, for each item checked, to rate how distressing the event was (none, mild, moderate, or severe ratings were assigned scores of 0-3) and to indicate whether the stressor was a consequence of an illness. A stress score was computed as the sum of the severity ratings for all stressors which occurred, excluding those events which were reported to be a consequence of illness.
At the initial visit the subject also completed a NEO Personality Inventory,'5 and a gastrointestinal symptom questionnaire.'6 The NEO personality Inventory was used to assess and control for the effects of neuroticism and other personality traits on perceived stress and on bowel symptom reports. The bowel symptom questionnaire given at the initial visit was used to classify subjects into diagnostic groups by criteria given above. (2) Diagnostic groups were compared on the five scales of the NEO Personality Inventory by multivariate analysis of variance, followed by univariate analysis of variance (ANCOVA) when Hotelling's T was significant.
(3) Diagnostic groups were compared with respect to stress scores by analysis of covariance (ACOVA). Neuroticism scores on the NEO Personality Inventory were used as the covariate. Only subjects who completed at least six months (three visits) were included.
(4) Time lagged correlations were computed between stress scores for each three month interval and bowel symptom reports for the subsequent three month interval.
(5) Correlations were computed between stress scores summed across all visits and individual bowel symptoms summed across all visits to determine which bowel symptoms were more highly correlated with stress.
(6) Regression equations were computed for the relation between stress and bowel symptoms for each diagnostic group at each visit. An ANCOVA was used to compare the slopes of the regression lines to determine which groups showed the greatest reactivity to psychological stress. Regression equations were also computed for each diagnostic group based on the average stress score across all visits and the average bowel symptom score for all visits. Only subjects who completed at least six months (three visits) were included in this analysis. group was older and more likely to be married than the normal subjects. There were also statistically non-significant trends for the irritable bowel syndrome group to be better educated and more probably white. The 14 irritable bowel syndrome subjects who were selectively recruited at the end of the study were similar to the 25 subjects recruited before this time with respect to all demographic variables except age; the age of selectively recruited subjects averaged 309 (7.0) years compared to 26.5 (4.9) years for irritable bowel syndrome subjects recruited earlier (t (37)=2.23, p<0 05). Selectively recruited irritable bowel syndrome subjects were also similar to (that is, not significantly different from) the irritable bowel syndrome subjects recruited earlier in terms of number of bowel symptoms, life event stress, and all NEO Personality Inventory scales. Consequently, the selectively recruited subjects were pooled with the other irritable bowel syndrome subjects in subsequent statistical analyses.
RELIABILITY OF DIAGNOSTIC CLASSIFICATION
Subjects were classified into diagnostic groups at the initial visit based on bowel symptoms checked as having occurred in the past six months. The questions used to diagnose irritable bowel syndrome were repeated at each three month follow up visit, and these data were used to assess the reliability of the diagnosis. Sixty per cent of the irritable bowel syndrome group reported symptoms appropriate for the diagnosis on at least two of four follow up visits compared with 22% of the functional bowel disease group and 8% of the normal group.
NEO PERSONALITY INVENTORY
As shown in Table II (Table IV) . (Fig 2) . Subjects who reported one or more disability days for bowel symptoms had significantly (t (301)=3.69, p<0001) higher stress scores (9 52 (4.64)) than subjects who did not report disability days related to bowel symptoms (6.87 (4.36)). Similarly, subjects who reported two or more disability days for any illness had higher stress scores (7.90 (4.44)) than subjects who reported fewer than two disability days (6.02 (4.34)) (t (301)=3.52, p<0001). Subjects who consulted physicians about bowel symptoms during the 12 months of follow up (Fig 3) also reported significantly higher stress scores (t (301)=2.34, p<0 05) than subjects who did not consult physicians about bowel symptoms (9.30 (4.96) v 7-08 (4-41)). Similarly, subjects who consulted physicians two or more times about any illness had significantly (t (301)=2'53, p<002) higher stress scores (7-78 (4.65) ) than subjects who consulted fewer than two times for any illness (6.45 (4* 11) The correlations between stress and bowel symptoms are surprisingly small since, when subjects in a previous study3 were asked directly whether stress affected their bowel symptoms, 47% stated that stress caused abdominal pain and 68% stated that stress caused a change in stool frequency or consistency. This discrepancy between direct inquiry and the results of formal assessment of stressful events could have been due to insensitivity in the method of measuring stress in the present study. Such insensitivity could result if stress produced only a transient change in bowel symptoms which was missed when subjects were asked to report on stress and bowel symptoms for a three month period. Alternatively, insensitivity could result if the Life Events Scale did not include some of the stressors which were responsible for changes in bowel symptoms. However, other data previously reported by our laboratory suggest that insensitivity in the method of assessment does not account for these low correlations; when the relation between stress and bowel symptoms was assessed by the highly sensitive method of asking subjects to keep a symptom log in which they rated the degree of subjective stress or tension and of bowel symptoms four times daily for one week, the median within subject correlation between stress ratings and abdominal pain was found to be 0-13 in a group of 149 community women'8 and 0.19 in a group of nine irritable bowel syndrome clinic patients.'9 Thus, quite different approaches to measurement agree in suggesting that the correlation between stress and bowel symptoms is relatively low. It seems that the two thirds of subjects who report that stress causes bowel symptoms when directly asked, are overgeneralising from relatively infrequent events.
Laboratory studies suggest that irritable bowel syndrome patients show a greater increase in colon motility in response to emotional arousal' or balloon distension of the rectosigmoid20 than healthy controls. It was therefore predicted that the irritable bowel syndrome group would show a greater increase in bowel symptoms for each increment in stress. As shown in Table IV , this was supported: the regression line relating amount of stress to amount of bowel symptoms was steeper in the irritable bowel syndrome group than in normal subjects and those with functional bowel disease. The functional bowel disease group, however, was similar to normal. This is consistent with laboratory stress data2' in suggesting that irritable bowel syndrome but not functional bowel disease subjects are hyper-reactive to stress.
Life event stress was significantly related to the self reported number of disability days and medical clinic visits for bowel symptoms. These self reports were not verified by examining employer records or medical charts, but the collection of these reports close to the time that the events were said to occur (that is, at three month intervals) increases the likelihood that the reports were correct. Moreover, these data are supported by earlier reports by Mechanic,2 who studied clinic visits from all causes. These observations suggest that stress related exacerbation of bowel symptoms has a significant economic impact.
The subjects in this community study were diagnosed on the basis of a bowel symptom questionnaire at their initial visit as having (or not having) irritable bowel syndrome, and 55% of those subjects felt to have irritable bowel syndrome were further evaluated by a gastroenterologist to rule out alternative explanations for their symptoms. The reliability of this method of classifying subjects was evaluated by determining which subjects would have merited the diagnosis of irritable bowel syndrome on the basis of symptoms reported at follow up visits. By this criterion, the sensitivity of the diagnostic algorithm was 60% which is consistent with the intermittent course of this disorder, and the specificity was 88%.
This study extends previous work on the relation between stress and bowel symptoms by prospectively following a large group of women for one year, repeating the measurement of both stress and bowel symptoms at three month intervals to assess stability, and controlling for the personality trait of neuroticism. The data show that there is a statistically significant correlation between stress and bowel symptoms, illness related absenteeism, and medical clinic visits. However, the magnitude of this correlation is small, on the order of 0 33. These data suggest that approximately 11% of the variance in bowel symptom reports is attributable to life event stress. 
